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YEAST VECTOR 
This invention -'slates to se 
t , & d-s - i a i. • y •■ s rc v ^ eers 



The uptake of exogenous MA by yeast cells and the 
subsequent inheritance and expression of that DMA are 
brought about by a process called transformation. Trans- 
formation was first described In the late I37Q ! a, 
employing methods which rely upon the addition of MA to 
protoplasts produced by the ensyrsio removal of the yeast 
ceil wall (Hinnen efc at, , 1978; Begfs :> 1 9 ? B ; . Ho re 
recently the trans foyssat ion of intact yeast cell® has 
been demonstrated fKisao et al , , 1983), 

Yeast, can bs transformed by appropriate placid®; 
piasmids used for this purpose are usually constructed as 
"shuttle vectors" which can be propagated in either 
' £ t.c. y- A sail or yeast {Hinnen e£ al. , 1978: Besrgs , 
i§?8; Struhl, et al . , 1979). The inclusion of E,coli 
plasmid DNA sequences, such as pBRZZZ (Bolivar, 1978), 
facilitates the quantitative preparation of vector DNA in 
E^ooli., and thus the efficient, transformation of yeast. 

Piasmdd vectors corssoaly in use for yeast trans- 



U " na 

of yeas.r ( by virtue of the presence of a funot 
origin of DNA replication and ; i i ; integrating vec 
which rely upon recombination with the chromosomal Di 
facilitate replication and thus the continued ssainte: 
of the recombinant DMA. in the host cell, Eeolio: 
vectors can be further sub-divided into: la; Z^m~\ 
pi asm id vectors in which the origin of DMA repllcati< 
derived from the endogenous tp* plasra-id of ysast, 
autonomously replicating vectors : AES ,■ in which 
apparent" origin of replication is derived from 



chromosomal 



plasoi 
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(CEN.S which carry xn Edition to one of the above origins 

of :DNA replication a sequence of ^ast T . , _ Qm 

known to harbour a .centromere . 

Xn order to transform yeast efficiently- with any of 

the aforementioned vectors it is necessary to isspose & 

ae., action to identify those transf onsants which carry the 

~ n - ~ K cr noorporating hin 

* VeCt ° r mA a g€ne with » discernible phenotype. In 

the case of vectors used to transform laboratory yeast, 

prototrophic »s :) such as L£U2, U|M or J&£1 (Hitmen at 

1378; fi*g«*, 19?8; Gerbaud |t al , 13?S) ? are usually 

used to complement autotrophic lesions in the hast, 

However, iin order to transform brewing yeast and other 

xno.ustr.iai yeasts , wh > «*r»*> fV»««««*i^ „ ■ 

■ ■ n ~'- s frequently polyploid and do 

»^^*u»v...„ ( xs necessary t-c 

utilize a selection W t«m based upon a dominant 
selectable gene. In this respect replicating 2jm based 
piasmid vectors have been described carrying genes wMch 
mediate resistance to: {.U antibiotics, for exasn < una 
Uimin — £1 al , SS^, Kfebster et al. , 19*',., 
E (Grits gt 14,, 1933), chioramnhenx^o. <":ohon >- 
198(5 ; S^f^ld et al, 1986 } f and (ii) otherwise toxic 
materials, for example the herbicide sulfometuron ^-hy" 
(FalC ° & 1S8 ^ compactin (Sine et al. 1S83] Lad 

copper (Henderson at al. , 1985 ;, 

The inheritable stability of recombinant genes in 
• ea -- t ia d ^pendont upon the type of yeast vector ^ployed 
to facilitate transformation. The most stable of the two 
;'^ eS; ^ f v ' aotor ■ s " stess described earlier are the 
integrating vectors. The principles and practice of 
^ * * tr;xa~for^ntxoa have been described in 

\ I 1 ! ^ ai ' ' ' k Da • SS: Winston gfc * 

vrr " waav ^ at, ai . , 1383: Rothstein, i383;< r n 
^~' 5 ^ -* 5ar ^ ' is relatively 

" '"' ' "° ' : C:: '° :? ' ' ! : ' r - ; 1 ;: r - l " •■ x n g place i d s ha v e 

ceen described which y;.e.l:i approximately l^Q 
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tran*for»ant* per ug of .DNA (Hinnen st ad, , 1979; Hicks 
®£ sU, 1379). However > linear DNA, with free ends located 
In DNA sequences homologous with yeast, chromosomal DMA 
transforms yeast with higher efficiency (Xeu-'.QOO fold) 
and the transforming DMA is generally found integrated in 
sequences homologous to the site of cleavage ( Orr-Weavar 
§t el-> ) . Thus by cleaving the vector DNA with a 

suitable restriction endonuciea.se } it is possible to 
increase the efficiency of transformation and target the 
site of chromosomal, integration, Integrative trace- 
formation is applicable to the genetic modification of 
brewing yeast, providing that the efficiency of trans- 
formation- is sufficiently high and the target DNA 
sequence for integration U within a region that dees not 
disrupt gsnss essential no the metabolism of the host 
cell. An integrating yeast vector has recently been 



lines o 
is tab ie 



25 at a frequency greater than 
1-983.). However, the stabili 



- v the <■ o" < of s. T <„ c 

are present at I or 2 copies per cell 



pi as;:: 

rbon, 198 *«d are lest at snlj ippro imatelj % Pi 
generation (Walmsisy e;o a ; , , 1383;. Chimasrxe 2cm base^ 
show varying degrees of mhsr;. taci« soabilitv. 
xependent upon both the host strain and the 2>m DN.-- 
sequences present on the piasmid. 

The 2cm piasmid is known to be nuclear in oeiiuiar 
ocacioj (kelson k Fangroan . 1 9 ? 9 ; hivingston & Hanne. 
379 ' iil:i - v * 1 — °: Taketo gt ai-, IS80: S.gurdson 
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™ " " S!i 1 but ls tnher ted in a non-Mend* 1 ; « * 

fashi0 vi - ^ : Cei: s w,chou- the 2pn Us7ui 

(Cir /.. haV€ be6n showa - arise fro,, haploid yelat 
P ° PtJ ^ 1CnS having %l average copy number of 50 copies of 
the Sim placid per p*ll at a rate of between 0,001% and 
or the cells per- ssnecaUon fFutchaj- & Cox, 1983K 
1 v ^ ^" L "' ~~> or his- lot v «i of inheri^ab: € 

as that the piasmid provides no obvious 
k ~ ,Mwnw ** ,e '"° th "" c " 11 und:2r hormai growth conditions 
roac , ^ i.0bl ; Futeher & Cox, 1383; Sigurdson at al « t 
. 1 '~r'~T' Kl&ii on growth rates have been 

SOme Strains h& rbouring the Z m plasm id 
_ * ~~ ' ' - 0 "'".A^ i , a i S or dUiereat strains of 

^ «te has shown that the pXass , ld i s present in 
most strains of 7 east (Clark-Walker & M aki .o«, 
including brewing yeast fTobb, 1980: Airle e± al 1$«7 
HloohUff, & >u bW , 1986). It thus appear* "Vh*t" 77 
placid ,3 ubiquitous, which Spiles a high degree of 
ina&ri table stability in mature. 

Gsnetic and molecular analysis of the fym placid 
has revealed, a health of information , one 7 7 
replication and stable maintenance of the 
^Volkert I Broach, 1987);, iin essence the plasmid capita 
of a circular DMA nsolacule of 6318 basa-oai^s *M*r>n«- I 
Doneleoo. 1980). It harbours a unique* "bt*< 7|.7^^ 
origin of DKA replication iNewion at a!.. liSll ^cb''^ 
an eseentiai component of all 2us based v«otor* 7.~" 

' * U " 1 ' **" : - ±11 mn Za FLf; 

w »t» le «aint nano of , 7 

^ - J_ , nc ^Uh s «j h N „ v . 4 

io"!™^! 518 . pr0t@inS WhiGh are beiisved no function in 

7 1 nvi:uoi 

- ,% cis acting Xocu-h «h ; -f*,., 

' : -tweets " n •: stable 
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segregation of the pXassvid, and is phenoty oioai iv 
analogous to a chromosomal centromere fJayarasfs e.t &1 , , 
1383; Kikuchi , 198.3 K An important feature of th-;: 2pm 
plasmid is the presence of two inverted PNa sequence 
rsjmtltioa*, (each 559 base-pairs in Length; vhict 
separate the circular molecule into two unique regions, 
Intramolecular recombination between the inverted repeat 
sequences results in the Inversion of one unique region 
relative to the other and the production in. vivq 0 f a 
Mixed population of two structural isoaeps of the 
plasmid, designated A and B SBeggs, 1378), Recombination 
between the two inverted repeats is mediated by the 
protein product of a gene called the FL£ gene, and the 
FLP protein is capable of mediating high frequency 
recombination within the inverted repeat region. This 
site specific recombination event is believed to provide 
a mechanism which ensures the amplification of pi asm id 
copy number (Futoh«r, 1988; Yoikert & Broach, 1938; 3om 

Been inverted repeat sequence comprises three DNe 
repeat sequence sub-units { depicted as triangles in 
Figure 3;, two adjacent sub-units be ins? in mutu*" ! ? •• 
direct orientation, and the third being in 
cent puliation and joined to one of the other sub-yr.-.u- v , s , 
an 8 base pair linking or spacer region. This soac*»r 
region contains a unieae XbaV site and recognises a-.-. 
cut al * ts margins by the product of the FLP gene, The 
adjacent sequences are of course homologous to th* 
corresponding sequences of the other inverted repeat: 
sequence and hence provide for accurate recombination 
following the said cutting. Andrews et al . , ;i985> has 
found that a 74 base pair sequence including the 8 b.p. 
spacer region U: the minimum requirement for FLP sir- 
s p e u i f .1 o r ; : c o tr. h : a l 1 o n . 
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Yeast vectors based upon the replication systsss of 
the 2 urn piasmid have been constructed by inserting 
heterologous DMA sequences in- regions of the 2^ pi amid 
not essential, to its replication (Begfs, 1981}, This has 
5 *.*»uXt*^ in t«c basic types of vector: (i) whole Zpm 
vectors end (ii) 2jim origin vectors . In the case of the 
former, these vectors harbour the whole 2pm placid into 
which various heterologous sequences have been inserted, 
such as plasmid DMA » These plasmids are capable of 

10 maintaining themselves at high copy number with a high 
decree of inheritable stability in bath cir* Vfym 
containing} and eir* (2}in deficient? hosts, On the other 
hand 2pm origin vectors usually contain a minimal DMA 
sequence harbouring the 2^m origin of DMA replication and 
IS a single copy of the §99 base-pair repeat of 2pmq each 
vectors can only be maintained in cir* host strains, 
since they require the proteins encoded by the BBF1 and 
genes to be supplied in S rans from the endogenous 
piasmid to ensure their 'stable' maintenance. 
20 Whan a seneticaliy modified yeast which is capable 

of expressing a heterologous gene to produce high levels 
of a commercially Important polypeptide is constructed, 
it is usually desirable to choose a high cony number 
yeast vector. Zpm based vectors have proved verv 
25 successful for use as expression plasm ids and therefore 
frequently constitute the vector of choice nUnssm^o *r 
|Im 1983 K 

Xn European Patent Application 88303039,! 
(Publication No. 0201239 Al In the name of Delta 
30 Biotechnology u a s process is described for the 
production of heterologous proteins in brewing yeast,, in 
which an industrial y* as t strain is genet, call, modiked 
to be capable of expressing a heterologous gene, such 

iogous gene t.«k S 
3:> place during the primary bear fermentation, but rather 
yeast biomase is accumulated and the synthesis of 
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oss oifei ced - - e * & x beers 

removed from the beer, .This is achieved by transforming 
braving yeast with a 2um based piasmid harbouring the 
dominant selectable marker CUP-l and a gene encoding a 
modified human seraa protein, h ; -me th ionyi albumin LKet - 
HSA}, «hase expression is regulated at the trans- 

& » B a, * ihduaibl 
order to maximise the yield of heterologous protein 
synthesis during the operation of the said process it is 
necessary to ensure; U; a high copy number of the gone 
to be expressed < encoding for Met -HSA; ; ;ii) a high 
degree of inheritable stability of the gene of intones- 
under conditions of non-select 1 v 8 growth; I Hi) that the 
reaoaioinant genes transformed into brewing yeast must not 
have a deleterious effect upon the yeast, and Its ability 
to produce beer and subsequently heterologous protein; 
and ; xv; that the recombinant S*nes present in yeast 
should, so far as possible, be restricted to the hgene of 
interest' and adjacent yeast regulatory genes. The 
requirement liii is particularly important because it is 
both impractical and undesirable to supplement the normal 
growth medium of brewers' ysast, namely hepped malt 
extract , with toxic materials such as copoer r-.n<$ since 
this will increase process costs and have a dei*t<-rc 
and probably unacceptable effect upon the oualitv r,f th* 
beer, which is the primary product of the fermentation. 
In connection with requirement iivi , it is desirable tuhaf 
the genetically modified y«ast. should not aossess 
extraneous DNA sequences such as those which are derived 
from the bacterial portion of the recombinant plasm-id- 

to our application published as Ep-A-25 1744 we have 
! r > c ~ s method Per m m i Ing yeas 
rncorporating fate the endogenous m piasmd a Dh.t 
sequence coding for a protein or peptide cf interest, by 
"a-wnj; en integration vector t -p, >, - „, copies of a 
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encompassing the DHA sequsnce of interest . tr&n«form^« 
yeast with the said integration vector, and then 
isolating from the transformed yeast obtained cells 
containing the endogenous 2.^< placid modified by 
» incorporation of the DMA sequence of interest. The 
integration vector itself doss not survive ta the 
transformed jr*4.*t ceils. The homologous £>m piasmid DMA 
sequences mny be, but usually are act, copies of the Zjam 
P*.asffiXG repeat sequence . : ' 

ke have no!c found th;xt * modification of the method 
cu tee said application inake it possible to transform 
yeast calls by incorporation of a modified 2pm plasm id. 

n tne mathoc of the present application, the 
1C . ! >l ~ r uSod C£i! »P^iees a .DMA sequence which allows 

1 t ^ b&CteyiS SOCO - twee 

two homologous Z m plasaid DMA FLP recombination sites in 



20 



direct o 

' w se^u^nce c-.jvxa.ng tor a protei 



and 

ZptSi 



or peptide of interest, which is preferably 
necessarily a ae^uenes heterologous to 
preferably also a selectable marker !>NA sequenc* 
plasmid vector of the invention thus CQsrari^- 
copies of the PIP recombination site of which co<=- pa o Y~ 
in direct orientation and the other two x>&irz ^ 
indirect orientation. When yeast u transformed with "a 
* J plasm.id vector having this const rue t i o? , tl n 0 <~ 

which axioms propagation of the vector in bacteria ;>a, 
ben found to be spontaneously lost and the plasmid v«o*nr 
become, a modified 2 ; pm placid .hi oh is caoabie^'of 
, n r * PUcin€ th ^ sr5doSens;JS piasmxd in the transformed 

this ty P , are henexnaf. , 
' " ^' • > - , , eo 

" S "°* vector * m&y contain ^itipie extrachroxaosomal copies 
or a modified 2pm piasmxd containing a gene of inte^.,- 
_ bUl *° b *-«r:.:U D <-> ^ ^ve been found to be sta^v 
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Gsnati.cs and Molecular Biology, Autumn LS86; disclosed 
that recombination in a So-based plasmid could result in 
the excision of bacterial DNA sequences, but suggested 
only that the system could be used tcs study structure- 
function relationships in the .DNA molecule. h'e have rxou 
found that a similar system can be used to prepare 
advantageous expression vectors which have unexpected 
stability , 

The terss "FLP recombination sit®" is used herein to 
mean any site which will alio- for recombination as a 
result of interaction wifch the FLP gene product, IT 
Andrews' finding ■1385} i« correct, then the FLP 
recombination site will generally comprise as a minimum 
the 74 b,p. sequence identified by him, In practice, 
there is no point in including more than the 59.9 base 
pairs of the whole repeat sequence. 

The 2}im based disintegration vector of the present 
invention has been found to be capable of transforming 
both laboratory and industrial vsast > The rii s * nr i- i on 



eticaily modified strains of brsuing yeast 
■st roc ted in which the : gene of interest ' incc 

the 2p;n piaxjsid is stably maintained, ev 
litions of non -selective growth, at a high cor 

cell, in the absence of extraneous bacteria] 
sequences. The use of such a vector 
rtruction of a genetically modified brewir 
ires that. only the 'gene of interest' is 
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that additional DNA sequences ma? have «pon the 
technological behaviour of the yeast and/or the flavour 
and quality characteristics of beer produced by the 
yeast... 

In practice the 'gene of istsrsst' can be any' 
recombinant gene, either homologous or heterologous to 
yeast. The diet integration vector can ho used for example 
to stably integrate the Met-HSA gene in brewing yeast 
expressed from either a constitutive yeast promoter, far 
example the phosphogiycerate kinase promoter (PGR) in 
accordance with the method described in EP~A~i47 133 or 
a regulated yeast promoter, for example the GAL10/CYC 1 
hybrid promoter as described in EP~A~20X 23-9 y or the 
GAL/PGR promoter as described in EP-A~SS8 06", 

Additional genes which may be stably maintained by 
this system include the DSX1 gene of Sacohar oc ; < 
eh specifies the production >f an sxtra 
cellular giueoamyiase snjsysae in brewing yeast, and the B~ 
giueanasa gene of Baei Una subcilis which specifies the 
production of an endo-i , 2-1 , 4~S~giucanase in brewing 
yeast sHinchiiffe & Sosc, 198S) ♦ Such genes can be first 
genet ioaliy modified to control the Level of gene 
expression and/or to ensure that the protein whose 
synthesis is mediated hy the gene is secreted by the 
brewing yeast. 

The use of the new disintegration vector is 
pa tiouiarl aovaahsgeous i tr~ pre -e-rs 1 scribed in 
EP~A~2G1 338 , since, according to this process, the 'gene 
of interest' is regulated so that it is not expressed 
during the course of the beer fermentation nor under 
normal conditions of yeast growth, but U rather induced 
in a p io-.v-.; . :o- ^ o .s ( <P^h nsth i 4 - 

expression of fche hgehe of Interest' is divorced in time 
from the synthesis of yeast hromass by ceil 
proliferation, and than any adverse effects of gene 
expression upon uiasml.d suability arc mirouKired, 



WO 88/88627 



i B88 092 6 



disintegra.i 
co flip r i sing 
si) a ha< 



ly the vector of tha 
n vector fas 
complete Sum plassiit 
rial piastiiid DNA s 



areinbsfore de 
additional] 



propagation of the vector in a bacterial ho 
extra 2pm FLF recombination sits; (U;U a DMA sequence 
coding for a desired protein or peptide; and (iv< a 
selectable marker DNA sequence for yeast transformation ; 
the said bacterial plasm id DN.A sequence being present and 
the extra FLF recombination site being created at a 
restriction site in one of the two inverted repeat, 
sequences of the Zpast piasmid, the said extra FLP 
recombination -its being in direct orientation in 
relation to the endogenous FLF recombination site of the 
said one repeat sequence, and the bacterial piassiid Php 
sequence being sandwiched between the extra FLP 
recombination sits and the endogenous FLF recombination 
site of the saxd one repeat sequence. 

The preferred disintegration vector thus consists of 
a complete 2j.ua pi asm id Into which is inserted ens or snare 
bacterial plasm id ON A sequences and an extra copy of a 74 

ad from the 2.uer 



plasm id DPS 



Xbal 



tuo inverted repeats; of the whole 
correct orientation of the ON A repeat h 
function of the plasm.; o . the plasm id 
thai' che bacterial plasml.d sequence ; 
propagation to., far example, E . c o I i 
two copies af 



is; sandwii 



be t 
2pm 



tin. 



as;T: :. 
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d..P recombination site of 
xch arc themselves in direct orientati 
■on -e '^-o a ' a,,r«.ted 



WO 



PCT/GB88/90276 



12 



coriStniation confines the bacterial plasuid DMA sequences 
to a region, of ON A which, when the plascid is transf ormed 
into yeast., is excised fro® the pi asm id, by virtue of & 
site-specific recombination event between the two 
directly oriented DPA repeat - This .site-specific 
recombination is mediated by the product of the FLP gene 
of Z}m whose produce can either be supplied by the 
endogenous 2pm plasraid of yeast, when transferring elr* 
ceils, or by. the disintegration vector Itself when 
transforming cir" cells. Because the vectors of the 
invention may he used to cure the transformed yeast of 
its endogenous Zpm. plasmids , and also because the 
recombination is more rapid In cir* cells, it is 
preferable for the vector of the invention to be based on 
a complete 2pm pl&smid. If however, the vector of the 
invention is to co-exist with the endogenous 2 urn 
piasmids, then genes such as REPI, glP2, Sgpj, and £1P. 
need not be present on the vector, as the products of 
these genes can be supplied in trans- ail that is 
necessary is en origin of replication. 

As is described in more detail below, the inserted 

end a respective portion or the repeat sequence , io which 
case the said DMA is inserted into an endogenous recent 
sequence such chat the endogenous recombination sit-* ; s 

are ior:; gaol- ap rising sort , .• f . ...... 

recombination site and a comp lemen tar y portion from th« 
inserted SSA, Ai ternat i veiy , a complete FLP rscomb i na on 
site may be carried towards one end of the insert, whi'd; 
insert, is then inserted adjacent to or spaced from an 
rid genous repeal aequepi such tha ts b s terinl prvs 
lies between the endogenous repeat sequence and th~ 

< te repeat sequence, mm ttt »nser DU>. 
inserted at a location spaced from she endogenous 
sequence, - -ndoger.ou* , betweer; nhe ,w -tv t 
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repeat sequence and Che inserted repeat sequence will 
later be excised along with the 'bacterial DNA < Hence, if 
this DNA is needed, a further copy of it must be provided 
{preferably on the inserted DNA 5 on the aide of the 
3 inserted repeat sequence remote from the endogenous 
repeat sequence . 

The site within the integral 2pm eiasmid at which 
the 'gens of interest 5 is inserted is chosen with -a viae 
to mi nisi zing the effect of the insertion- upon both 
10 piasmxd copy nuaber and inheritable stability* Thus it is 
advantageous to insert the 'gene of interest" at a site 
that does not interrupt the integrity of the K'SP! , KEP2 > 
tdijiP and rhhP genes, particularly rf the plasmid is 
intended for use in the transformation of a cir« host 
15 strain of yeast. 

One advantageous characteristic of the 

disintegration vector is that, when i t is introduced into 

plasmid, it is capable of curing the endogenous 'iim 

20 piasmid, either during or following the excision of the 
bacterial plasms, a sequences, An analogous situation, has 
recently been reported for whole Zjam vectors transformed 
into car* host strains of yeast (Harford & Peters, 1337;, 
Thus the disintegration vector can also be used to cure 

25 the endogenous due pi asm id. from strains of yeast- 
- - o - i 

f i g u r e 1 s h c w s p i a s s i d pBd 1 1 1 ; A n d revs , pp. ad . : 
1385;, The tnin line represents \ sequences derived 
from the bacterial piasmid pdC3 ; the oj>en bar represents 

30 the 7 4 base-pair DMA fragment containing the FLP 
recombination site; the triangles indicate the 
orientation of the three internal Dna repeats within each 
F I. P v e. • : o «s b i n a t i o n s s te i A no r s w s , e t al. . . : ': 3be - ; 

f i su.i r<-- 2 snows piasmid pSA0;.;2, PJ.as-niC pSACl ; 2 ■ -:. 

35 : id*- -v i V ' ', C lv wjtn the evert) v ~i * 1 « 
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Figure 3 shews piascid pSA03 , The thick line 
rspr«&ent3 DNA sequences from the bacterial piasn.ic pUC3; 
the ope a bars represent the 74 base -pair DKA fragment 
containing the FLP recombination site* the thin line 
S represents 2p.su piasmid DMA sequencss; the triangles 
indicate the orientation of the three internal DMA 
repeats in each FLP recombination site? 

figure 4 shows pl&ssdd pSACSul , Designations are as 

10 Figure 5 is a piasmid map of pSACSUZ , Designations 

are as for Figure 3; 

Figure 6 is a piasmid map of pSACSOG. Designations 
axe as for Figure 3; • 

Figure 7 is a piasmid map of pSACSlO, Designations 
IS are as for Figure 3; 

Figure 8 is a pXasmid nsap of pSACSOl. Designations 
are as for Figure 3; 

Figure 9 is based on a photograph showing the growth 
of hapioid yeast strains and illustrates the eo™ 
20 .inheritance of the URA3 and bacterial bia gene: and 

Figure Id is an auto radiograph of total yeast DMA 
probed with 33 P labelled pSACo DMA « 

The following Examples illustrate the invention. 

Con s tr uot ipri q f " ,r s 

Piasmid |>SAC 1 i Z (Figure 2 ) was constructed by 
digesting pi asm id p8Ail2 (Figure i f Andrews, epj, ad,, , 
1985 5 with the restriction endonuc leases BamKi and 
30 1 v. line -5 3 DNP as treated 

with DMA polymerase 1 UUenowj in the presence of ; ■> \ 
dNTPts CdATP> dTTP, dCTP and dGTP ; for 1.0 minutes at 
x " > m, etfcanoi- 

precipitated and incubated overnishc at 15»C in r.h« 
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plasm id pSAC 112 was isoiaosd from the resultant 
traasforitiants following identification ana character- 
isation by the method of Birnboim and Daly I1S8CU < 

Piasmid pSACS (Figure 3? was constructed by the 
following procedure* Yeast sum piasmid DMA was isolated 
from strain SEX 9 as described by Gnerineau, et ai, f 
( 1ST 4 ) . Purified 2pm piasmid DNA was partially digested 
with the restriction endonue I ease Xbal as described by 
Marl at is et, al , , (2 982) , ana iigated with Xbal cleaved 
pS AC 2 12 . Ligated DNA was transformed into .£ , co 1 i strain 
AG I { obtained from N8L Enzymes Ltd., Crass ling ton, 
England-}. The resultant. ampioii 1 in-resis tan t 

transformants were sorsenad for homology to 2j^m piasmid 
DMA following colony hybrid! zatioa hGrunstein. and 
Hogness ► 1875 ) to 32 P labelled 2,2 silo "~a.»s- -p^r 
fragment from piasmid p'x?92 fStorms, E > Ed et al , > 1879). 
Colonies shoving homology with the 2pm specific DHA probe 
were isolated and their piasmid DKA characterised by 
restriction sndonucleaee mapping procedures. Piasmid 

Piasmids poACSUl i Figure 4? and pSAC3U2 i Figure 5; 



presence of O.Sa»H dNTP ! s ( da TP , ATI P., dCTP and dGTP ! for 
10 minutes at 3? Ci C . DMA was extracted with phenol: 
ohiorofora and ethano l-prec i pi ta ted prior to ligation, 
Piasmid pJDBHO fSeggs, 1981} was digested with the 
res trie on ends nuclease Hjepdlli ana the DMA fragments 
nere subjected to agarose ye I electrophoresis on s 1% 
gel . A 1,1 kiio-base-pai r DMA fragment, harbouring the 
Lba.d gene of yeast, was isolates from ehe gel (Manians, 
«t a. . * ^"s ' r~a*u « i «- , * « 

in the presence of 0 > 3iaM dd'TPMs ; d.ATP . dTTP. dCT? ano 

d" - ~ - - i r ' * 

>i th of - no o, i ' , 
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and blunt- end U gated x ■ t h l inear pSAC3 RNA prepared as 
described above - Li gated DNA was transformed into E^coli 
strain AGl . the resultant ample ill in resistant 
traasformants were screened for homology with the URA 3 
5 gens following colony hybridisation (Grunste.ni and 
Hogness, 1975! to a labs Had 1,1 kilo-base-pair 

Hindll I fragment purified from plasmid poDBl 10 . Plasmids 
pSACSUl CFigurs 4 ) and pSAC3U2 {Figure 5 } were isolated 
from the colonies vhich showed faomolpity t Uu URA.3 
10 probe. The i - 1 kilo-base -pair HylnplXIX DMA fragment 
carrying the LjjRAS gene was also aUmt~end legated into 
the unique EagI and SjmBI sites of pSAOS to give p las Aids 
designated pSACSGO ' (Figure 8} and pSACSlO (Figure 1} 
respectively. 

15 Plasmid pSACSCl (Figure S ) *as constructed by blunt 

end ligatlng a 894 bass-pair IMI~Es&£ fragment, 
carrying the CUPX gene from plasmid pETl 3 1 1 (Henderson et 
alv, .1985) into the unique Pat! site at pSACZ, 

20 ' ° x ::.:\di I -"*t~,i kZ " l ISli 

The disintegration vectors pSAC3I.il (Figure 4} and 
pSAC3U2 {Figure 5) wars constructed so that they each 
contain the selectable yeast ..gene, URA3 $ inserted at the 
unique PsM site cf %jtm B form. In addition, each piasraid 

25 harbours BHA sequences derived from the bacterial piasmid 
pUC9 flanked by , , c e of the FLP recombination sice 
located in direct orientation. The position of the pUCS 
!>KA Le such that FLP mediated recombination between these 
two directly orientated FLP recombination sites resulted 

30 in the excision of the bacterial piasnid DNA upon trans- 
formation of yeast. Cir f and cir a derivatives of the 
ha pit, id yeast strain Si 50 -28 ! Cashmore , et aj,. , 19 So * 
were transformed co uracil prorotrophy vj.th pi asm ids 
pSACSLI and pSAC3l*C, according to the method of 1 to 

35 US83S f 0R..V t nans f o rmauts mere screened for the co- 
inheritance of the bacterial bla gone, Kb xch encodes r.h« 
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S~i fic sssysie fl— sst, ■ b; the 

taethod of Chevalier and Algls I 1979} < The results 
presented in Figure S show that, both piasmids segregate 
the fala gene from the UEA 9 gene in all transf ormanto of 
5 the ci r ;; strain, indicating deletion of the bacterial DMA 
sequences Cross? the plastics upon yeast transformation . 
However, the majority of UHA* trans- f ormanta of the air* 
strain were obssrvad to co-inherit the bia. gene (IS out 
of 20 and 18 out of, 20 for pSACOU! and pSAC3V2 ; 
1,0 respectively}- These data suggest that the efficiency of 
plasmid disintegration, i.-e. FtP mediated excision of the 
bacterial piassrid DKA ssquskc-s, is greater upon 
transformation of a cir* strain than a cir* > 

In order to determine whether the URA* transf orssants 
which had segregated the bla gene H-e, S-iactamass 
negative clones, bia*} had indeed lost the pda gene and 
adjacent, bacterial piassxid DMA sequences, yeast DHA was 
20 analysed. Two USA* .bla.- trans f ormants of the cir* and 
Cir a strains transformed with pSACSUl and pSAC3U2 »ere 
grown on selective minimal medium Lacking uracil and. 

is i a u t e s , C e .11 s >- s i b 1 

sorbitol, sodium citrate., 0,0 IB EDTA p'B5 . 8 , 

0.023u.l/mi zymoiyase i Kir in Bravery Co. Ltd,) at 2S«C 

30 until protoplasts were obtained. Protoplasts were washed 
three times in 1 « 2H sorbitol prior to res vss pending in I ml 
3% sari- osy ! . 0.SH tris/HCi pH 7 , 5 . 0 , 2M EOT A . lOOui/ml 
proteinase K ai 5t ff C for SO ta mutes . DMA preparat i ons 
were extracted with chloroform : i so-propanoi , phenol, 

35 , ,,-ofo^~ .,r; - -e' -- - io o,..a,y~,s is.ris' t 0™ 
trls/HCl trari EOT A pH3. Total yeast DMA was dig^ted <<■! " :• 
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the restricxiQrA sndonucieases EcoRI, Xbal and PsM &ad 
DNA fragments »srs a sarated bv agarose eiectrooitocssis, 
Following Southern transfer ^laniatis, et al, ; 1332) 
total .yeast DMA was hybrid i zed. to - t <_ ^SACS L>\ 

The results are presented in Figure 10 which is an 
a« to radiograph of total yeast DNA probed with sip 
labelled pSAC3 DMA. SNA «as isolated from S150-2B cLr> 
strains transformed with piastsids pSAC 3U1 and pSAC 302. 
Two independent trans formaats of each « train /plasm id 
combination designated A aad S wsre analysed, DMA uas 
digest ad with restriction endonueiaa.se as follows: Xbal . 
tracks 1-4 and 21-24; gjrti, tracks 
13-20. 



cir* 



IS, 21 

IS, 23 pS&CWl 



cir* 
cir« 



2 , 2 0 f 
4, 12, 



IT pSAC3d2 
» 13 pSACZUZ 



Based upon the known restriction site 
the endogenous Zjim piasmid of yeast , 
30 ^nelson, 1980! and recombinant piasmids 
pSAC3u2, one can predict the hyn>: o,d,.satioi 
piasmid pSAC3, The predicted hybridization 
presented in Table I . 
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TABLE 1 

Expected hybridisation pattern of S1S0-28 cir and 
cir« derivatives, transformed with pSAC3Ul and pSAC3U2 to 
pSACS 

i; 

2 u»x ( endogenous ) 



pSACSUI and 
pSACSUZ (intact) 



pd AC 3 til and 
pSAC3U2 sdisinte 
grated ; 

The numbers in parenthesis -ill arise if the 
disintegrated pla**i4s have undergone FLP mediated 
i n t e re o n v e r sio n < 

If one compares the result of the hybridization 
{Figure 10s with those expected (Table 3 5 it can be seen 
that in each trans forssanr the r«cosibinant piasmid has 
undergone a deletion consistent with the excision of the 
bacterial plasm id SNA sequences , contained within ch- 
directiv oriented FLP recombination sites. In addition, 
in th« esse uf the trans formants designated ?SAC3U2/B th~ 
enaogenous 2-uo piasmt c: strain S15o-2b in rst, longer 
present. Th;.5 uspiies nasi transformation of . h ric 
strain with piasmic pSACSUI: result^ m curiae n :" tn- 
e nd o g s? n s lu? pi asm it 



Rest- 5„r tier - i aims iSM 

Ckilobase pairs) 



Sooai Xbal s Psctl 

4.1 3,2 8.3 

3.S 3.1 

2,2 

5.3 4,3 10.2 
4,1 

OA 72 2.8 

(5.0) 4.3 "..4 

A. A 3,2 



(2.4 > 
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Additional evidence that. piasaxUis pSACS'Ui and 
pSAC3U2 undergo an excision of the bacterial piasaid DH'A 
'upon transformation of yeast was obtained by hybridising 
the aforementioned DN'A preparations to 5 - P labelled pUC9 
5 DMA (Vieira and Messing, 1982). USA* bla~ trans formants 
did n t htht to * s v * probe* 

£lar * t vi*> xwv N - cegraue uccr 

' ' -° A llb^-d'^ld^li It 

10 The USA* plasmids pSACSGO and pSACS 10 wars used to 

transform the oirA and elr* derivatives of S1S0-2B and 
the ]SBA and bis, phenotypes of the resultant transferrors 
were deter mined. In all cases the disintegrated p fee no type 
was observed;; thus pSACSOO and pSACAUO are capable of 

15 excising the bacterial vector DMA upon Feast trans- 
.formation, In this respect it was observed that plasmid 
pSACBOO gave rise to a significantly higher proportion of 
bla" transf ormants of tla eip* derivative of 2150-23. The 
explanation for this is unknown. However it is possible 

20 that the disruption of the lag! site by the insertion of 
t:;.-- gees in pSACSOO may have interfered with the 
expression of the adjacent FLF gene, resulting in aver 
expression of the FL? raeoabinase . 

Flasmid pSACSCl was designed to he used in the 

25 trans format ion of copper sensitive industrial yeast and 
in particular brewing yeast. Thus pSACSCl was transformed 
into a proprietary strain of Bass lager yeast designated 
BBIjUQ * was described by Binchliffe and Daubney (1986). 
Copper resistant transf cressets were then checked for the 

30 presence of the bpla phsnotype by the S-iactamass plate 
assay. Approximately 18% of the trans ferments tested were 
Mi" copper resistant, indicative of the ia vivo 
disintegration of plastic pSACSCl in the brewing yeast 
host , 
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a full molecular characterization of the appropriate boat 
strain:;; possessing the disintegrated phenotype. Thus when 
total y«ast DMA was hybridised to « * P-pyC9 SNA as 
described previously no homology could be detected in the 
blar derivatives - 

IdlaMLid^ . -, — T<„rt 

The inheritable stability of the UEA * phenotype in 
the oi:r* and eir* strains of S1S0-2B harbouring the 
disintegrated derivatives of pSACSU! and pSAC3u'2. pSACSOO 
and pSAC.31C was determined by growing the yeast nor.- 
selectively in YPD containing Z% v/v glucose, plating on 
the same medium and replica plating to minimal medium 
lacking uracil. The percent pl&smid loss per generation 
was calculated end is presented in Table 2. 

TABLE Z 

Percent Flasisid Loss per Generation 

ri < .a'g_a Dcnv»; - _ \ pox 

(Disintegrated 

Vector! S159-28 815C-2B 

air* oir« 

pSACSUI 0.22 0,1$ 

pSAC3d2 _ a. 31 0.14 

PSAC300 .2.5 

pSACSlO 0. 9.89 
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1.0 



IS 



20 



25 



It can foe seen frosts the result presented in Table 2 
that ail the 'disintegrated ' derivatives are unstable in 
both the eir* and cir«' derivatives of 315G-2B* However, 
the level of instability obssrvsd for pSAC301 » pSAC3U2 , 
and pSAC310 in particular is at least one order of 
magnitude lower than that observed for other U.RA» 2pm 
based recombinant vectors in S1S0-2E (Cashssore, at ai * f 
1386} . 

I t is interested to note that the insert Ion of the 
Ulioy iene into the unique lag! site of the 2}ra portion of 
pSAC3 results in. a disintegrated derivative which is 
considerably less stable than those die integrant a derived 
from pSACSUl, pSA03U2 and pSAC310. It is apparent 
therefore that the site of insertion of the selectable 
marker can have a profound effect upon the stability of 
the resultant disintegrated derivative-. In this respect 
it is clear that the unique SnaBa and Pstt sites of 2/.;c. 
forss suitable loci for the introduction of .recombinant 
genes., since plssmid stability is not adversely affected 
by such insertions. 

r&aats of 



Disintegrated derivatives of pSAC3CX transf ormants- 
of BB11..Q were also analysed for the stability of the 
copper resistant phenotyps , Plasm id stability experiments 
were performed as described previously and resulted in an 
estimate of .0.014-% plasmld loss per generation, under 
n on -selective growth conditions, t% is apparent from this 
result that the disintegrated derivatives of pSACSCX are 
extremely stable in the brewing yeast strain SB! 1.0, 
possessing a degree of stability hitherto unobserved for 
a recombinant Zpsi baaed yeast vector. 
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FX as mid. pSAC3 carries & unique Pst! 
unique SjiaBT si tig into either of which DNA se 
be inserted as described abo^s, thout 
affecting the phenotype stability of the 
disintegrated derivative of the plasmid in y 
sites can he used as loci for the introduction 
of interest" for example the qXEX- 1 gene of S,. 



and the human serum albumin gene expressed from a yeast 
promoter, Using known methods it is possible to insert 
such genes into these unique loci together with an 
appropriate selectable marker for yeast transformation. 
Alternatively, plasmids pSAC3Ut, pSACSUE , pSA.CS.lO and 
pS.AC30t can be used as recipients for insertion of an 
appropriate 'gene of interest'. In this respect pSACSU! , 
pSAC3U2 and pSACSlO harbour a unique SmaT site .located in 
the 3 s non-translated region of the USA3 gene {Sose et 
Sli 1984) . This Ssai site can be used as a locus for the 
insertion of an appropriate 'gene of interest' . 

The desirability of using the qsaB I site to insert & 
gene of interest, either directly or indirect iy (for 

wish to prevent transcription continuing froE;; the 
inserted geness; into the endogenous 2^m regions, 
particularly into the so-called STB region which is un 
the side of the Sn&BI site remote from the yeast origin 
of 1 < 2SX Thus preferab 

sequence o -pn t -s fa; a gene of ;n:.eres:, . h ; a t*o'«o^ 
therefor on the side thereof adjacent qri and tc; a :'; ' 
t rasisc rip;, i on terminator downstream of the gene of 
interesv and d-rween that gene -.r.e £Th r-ssf}-.: 
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It is to be noted that plasmids may also be created 
which, before recombination. have only two FLP 

20 recombination sites, in direct orientation and with the 
unwanted; for example bacterial, OKA between then* fi.e* 
as the shorter of the two parts of the plasmid separated 
by the pair of recombination sites 5 » After recombination, 
the plasmid vi 1 1 have only one recombination site and 

23 will therefore not undergo the usual Zpm recombination to 
give a mixed population of A and S forms. Such piassiids 
are Like iy to ha less stable than those desoribed above, 
but nevertheless form an aspect of the Inve* tion and may 
be claimed as such, 

30 
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1- A Zpm piasmid vector comprising a DNA sequence which 
is intended to be Inst by recombination t three 2pm FLP 
recombination sites r of which one pair of sites is in 
direct orient at ion and the other two pairs are in 
5 indirect orientation, and a DMA sequence coding for a 
protein or peptide of interest', the said sequence to be 
lost being 1 located between the said sites which are in 
direct orientation. 

2, A 2p.ia piasmid vector according to Claixa 1 which also 
10 comprises a selectable marker DMA sequence, 

3- A 2pm piasmid vector according to Claisi 2 comprising 
a complete 2pm piasmid additionally carrying (i) & 
bacterial piasmid DMA sequence necessary for propagation 
of the vector in a bacterial host; ?ii) an extra 2pm FLP 
15 recombination site; { 1 1 a ) & SNA sequence coding for & 
protein or peptide of interest; and Uv) a selectable 
marker DNA sequence for yeast trans format ion; the said 
bacterial piasmid DMA sequence being present &*sd the 
extra FLP recombination site being created at & 
20 restriction site in one of the two inverted repeat 
sequences of the Zpm plasajid, the said extra FLP 
recombination site being in direct orientation m 
relation to the endogenous FLP recombination site of the 
said one repeat sequence, and the bacterial piasmid DNA 
25 sequence being sandwiched between the extra FLP 
combin .... - csous FLP sbina " > 5 

axis of the said one repeat sequence. 

$ ♦ A Zpm piasmid vector- according to Claim 3 wherein 
the restriction site is the unique Xbal site. 
30 5. A Zpm piasmid vector according to Claim 3 or 4 
wherein all bacterial piasmid DMA sequences are 
sandwiched as said. 

S. A inc. piasmid vector according to any of Cisims i to 
S xn which the DNA sequence ceding for a protein or 
35 peptide of interest is heterologous to yens •;. , 
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? . A Z pm plasitsid vector according to Claim- 6 in which 
the DNA sequsncs coding for a protein or peptide of 
interest is a DMA sequence coding for BSA fused at its S* 
terminus to a genes- promoter which functions in yeast via. 
a secretion leader sequence which functions in yeast and 
at its 3 ' terminus to a transcription termination signal 
which functions in yeast, 

8, A plass&id vector according to Claim 6 in which 

the .DNA sequence coding for a protein or peptide of 
interest is the MET-HSA gene fused, at its 5 s terminus to 
the GAL/ CYC 1 or GAL/FGE hybrid promoter ? and at its 3 ' 
terminus to a transcription termination signal which 
functions in yeast < 

S« A 2}im plassud vector according to any of Claims 1 to 
5 in which the DMA sequence .coding for a protein or 
peptide of interest i«: t&« gene or a DMA sequence 

coding for the S-glucanase of laqillus subtil is fused at 
its S / terminus to a gene promoter which functions in 
yeast, via a secretion leader sequences which functions in 
yeast and at its 3* terminus to a transcription 
termination signal which functions in yeast, 
10. A £jjffi plasmid vector according to Claim L having 
substantially the configuration of &SAC3 as shown in 
Figure 3 of the accompanying drawings . 

XI, h process for preparing a 2pm piassaid vector 
according to any one of the preceding claims comprising 
inserting inns a cc;:;;/~t< : ; 2usn plasisiid \l) a DNA sequence 
for selecting yeast transf o rsants , {11} n DMA sequence- 
encoding a protein or peptide of interest and fill) an 
insert comprising (a) bacterial piasmid DNA to allow 
propagation of the vector is bacteria and {b) the 
elements of a FLP recombination site such that an extra 
FLP recombination site is created in the vector and the 
said bacterial DNA is sandwiched between two FLP 
record;. I nati r isicea i csutusbily direct, orientation. 
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12, A process according to Claim 11 wherein the insert 
is inserted at the unique Xt>al site of an endogenous FLP 
recombination site, one end of the insert carries one 
portion of a 2ps repeat sequence and the other end of the 

5 insert carries the remainder of the 2jn8 repeat sequence > 

13. A 2j.sm pi asm id vector comprising a DMA sequence 
encoding a protein or peptide, of interest which is 
heterologous to yeast, the vector comprising no bacterial 
DMA , 

10 14- Brewing yeast or laboratory ye&et transformed with a 
2|im plassid vector as eiai-aed in any of Ciaisis 1 to 10 
and IS, 

IS, A protein or peptide of interest prepared by 
fermenting a yeast according to Claim 14* 
15 18, A Zpm pl&mid vector carrying a gen® of interest 
inserted directly or indirectly at the SnaEI site. 
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